Plants of five clones of PopulWs treouloides Michx. were exposed to 0, 0.2 or 0.5 microliter per liter SO2 for 8 hours in controled environment chambers. In the absence of the pollutant, two pollution-resistant clones maintained consistently lower daytime diffusive conductance (LDC) than did a highly susceptible clone or two moderately resistant clones. Differences in LDC among the latter three clones were not significant. At Resistance to environmental stress may be a result of stress avoidance, stress tolerance, or both (14) . Avoidance of air pollution stress might be characterized by maintenance of continuous, low stomatal conductance or rapid stomatal closure during stress. Since stomata regulate water vapor loss and CO2 uptake, stressinduced alterations in stomatal response may directly influence plant growth and the capacity of plants to respond to additional environmental factors.
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Between-and within-species variation has been shown in stomatal response to environmental stress. Differences in leaf diffusion resistance response of several Populus clones to leaf water potential, light intensity, VPD,2 and temperature have been reported (17) . Two genotypes of cotton (Gossypium hirsutum) differed in the response of stomata to water deficits, and the response differences were heritable (21) .
Because stomata are the principal portals for entry of air pollutants into plants, considerable interest has been shown in stomatal response to air pollutants. Low the presence of phytotoxic pollutants may confer resistance on a plant through avoidance of uptake. Lower conductance in ozoneresistant varieties than in susceptible varieties has been reported for tobacco (23) , onion (8) , and kidney beans (7) . No consistent differences in stomatal conductance were found between resistant and susceptible cultivars of perennial ryegrass (1). The principal reason for differences in S02 resistance among several Cucurbita cultivars was the relative rate of gas absorption (4) . Karnosky (13) demonstrated wide differences in susceptibility of several Populus tremuloides clones to air pollutants and concluded that such differences were under genetic control. He found that five clones (clones 1, 2, 8, 9, 10 in the present study) exposed to 0.5 ,ul I-1 SO2 had 34, 5, 6.4, 5.4, and 0.5% of leaves injured per plant, respectively. We have conducted experiments with some of the same clones used by Karnosky (13) in an effort to understand the basis of air pollution resistance. The present experiments compared leaf conductance, boundary layer conductance, and sulfur accumulation of five of these clones to determine the contribution of pollution avoidance to pollution resistance. Further studies compared conductance as a function of leaf age to show whether age-dependent differences in pollutant susceptibility within a plant could be due to differences in rates of pollutant uptake. (16) . The sensor was stored over potassium acetate in the control chamber between measurements to maintain humidity and thermal equilibrium. Measurements taken on abaxial leaf surfaces were converted to conductance, disregarding adaxial conductance which approached zero for all clones.
MATERIALS AND METHODS
Adaxial boundary layer conductance was calculated from the rate of water loss from absorbent paper leaf models (11) . The models were of green blotting paper with the adaxial surfaces coated with paraffin to eliminate adaxial evaporation and were cut to the size and shape of representative leaves of each clone. The models were glued to Populus tremuloides petioles; the petioles were inserted into a plastic stem at mean canopy height; and the models were wetted with deionized H20. (Fig. 1, a-e) . During the 24 h prior to fumigation, no significant differences in conductance were observed between plants of a clone in different chambers, but differences among clones were significant (a<0.05). During most daylight sampling periods, conductances of plants of clones 9, 1 and 2 did not differ significantly from each other but were significantly greater than those of clones 8 Fumigation with 0.5 ,il 1' SO2 for 8 h significantly lowered leaf conductance of all five clones within 3 h after the start of fumigation and this effect persisted until 15:00 h in clone 10, until 18: 00 h (1 h after fumigation ended) in clones 8 and 9, and until 21: 00 h in clones 1 and 2. There were no significant effects of fumigation on subsequent leaf conductance in the dark or the following morning in the light. Rates of stomatal opening were approximately the same for all plants.
Total S02 Conductance and Uptake Rates. Abaxial ga values of leaf models of the five clones averaged 2.14 cm s-' and did not differ significantly from each other. Differences among clones in leaf size and shape were apparently too small to affect the thickness of the boundary layer. Table I gives the leaf SO2 conductances during fumigation calculated from the data in Figure I and the boundary layer SO2 At 0.2 I`SO2, uptake rates of SO2 were lowest in the two low conductance clones (8 and 10). The uptake rate of SO2 into clone 1 plants was not reduced at 0.2 1l I-' since the decline in stomatal conductance was not observed until after the end ofthe fumigation period (Fig. lb) . At 0.5 1d I-' SO2, uptake rates into leaves of all clones were high at the start of fumigation (09:00) but rapidly declined to values similar to uptake rates at 0.2 Id I`(e.g., clone 2at 15:00 h).
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Sixteen-Hour Fumigation. Stomatal conductance of plants of clone 1 was higher in the dark than for the other clones (Fig. 1) . Inasmuch as this suggested that dark period uptake of pollutant could be significant, we investigated the effects on clone 1 plants of 8 In contrast, fumigation continued for a longer period caused a highly significant (a < 0.01) decrease in leaf conductance throughout the night, and recovery was not complete by the following morning.
Stomatal Conductance and LPI. Within a plant of a given clone, sensitivity to SO2 increased with LPI. To determine whether within-plant variation in stomatal conductance could account for these differences, we measured leaf conductance as a function of LPI in unfumigated plants of each clone (Fig. 3) . Within-plant variation in susceptibility to SO2 was not due to differences in diffusive conductance. On the basis of leaf conductance, lower leaves (LPIL-14) should be injured less than younger leaves (8sLPI114), particularly in clones 1, 2 and 9. This pattern persisted over time of day (Fig. 4) , although it was not as pronounced at later times. When plants of clone 1 were fumigated with 0.4 pl -' SO2 (Fig. 5) , the greatest effect on stomatal conductance was on leaves with LPI between 10 and 17. The response of older leaves was much less pronounced. During fumigation, conductance was highest in the leaves that had just achieved full expansion. These data show that within-plant variations in susceptibility are due largely to differences in pollution tolerance rather than pollution avoidance.
Sulfur Uptake. The S content of unfumigated plants of clone 1 was substantially lower than that of clones 9 and 10 (Table II) . (Table III) (19) . Pallardy and Kozlowski (18) showed that stomata of different Populus clones varied in their capacity to respond to VPD and to changes in light intensity. In the present study, differences were shown among aspen clones in rates of stomatal closure when lights were turned off (compare clone 9 in Fig. la During a long-term, continuous fumigation (Table III) , S uptake appeared to be higher in clone I than in clone 9. Since daytime conductances in both clones were similar in other experiments (Fig. 1) , the higher uptake in clone 1 plants may be due to the higher night conductances in this clone (Fig. 1) , if 0.1 ,ul S02 was below the threshold for further night stomatal closure such as in Figure 2 . However, most of the differences can be attributed to the apparent decline in S content of clone 9.
In Levitt's (14) terminology, clones 8 and 10 appear to avoid stress, while differences in stress resistance among clones 1, 2 and 9 are due to differences in stress tolerance. Although clone 1 plants reduced pollutant uptake by stomatal closure at 0.5 ,ul 1 S02, uptake rate of S02 into the leaf was still sufficient to cause extensive injury. The remaining clones also reduced pollutant uptake, but SO2 uptake rates were sufficiently low that extensive c Difference between control and treatment means significant at a = 0.01.
